A computer package written in Fortran-IV for the PDP-11 minicomputer is described. The package's novel features are: (i) software for voice-entry of sequence data; (ii) a less meoory intensive algorithm for optimal sequence alignment; (iii) and programs that fit statistical models to nucleic acid and protein sequences.
INTRODUCTION
The widespread use of rapid methods for DNA sequence analysis (32, 41) and the availability of over five thousand published DNA sequences in computerized data bases, such as GENBANK (TM), has mandated the development of computer packages for the collection (36), organization, and statistical analysis of these nucleic acid sequences (44,45,46,58). We present one such package named DNASEQ developed at the University of Georgia. The package contains several novel features which include: (i) software for the voiceentry of nucleic acid or protein sequence data; (ii) a less memory-intensive version of the Needleman and Wunsch (34) algorithm for sequence alignment; and (iii) programs that fit statistical models to nucleic acid and protein sequences.
SOFTWARE DESIGN AND HARDWARE REQUIREMENTS
The programs listed below in the package DNASEQ are written in Digital Equipment Corporation's (DEC) FORTRAN-IV, Version 2.5, to run under DEC's RSX-11M (TM) operating system, Version 4.0, on a PDP-11/34A (TM) minicomputer. Each program executes a single basic operation and can be used as a building block in a sequence of operations. Thus, the output of one program Source programs will be provided upon receipt of a self-addressed mailing label, a blank 9-track tape, and $60 check to cover processing. 
.
All the programs in the package DNASEQ share the same common block structure to allow the user to modify easily or to add to the package. The programs check all user responses and instruct the user when a mistake is made.
The hardware requirements are a DEC PDP-11 minicomputer operating on the UNIBUS (TM) with at least a floppy disk drive and one terminal (e.g., DEC VT100, LA34, or LA120). The PDP-11 should be operating under RSX-11M, V4.0, with the overlay product, FORTRAN-IV, V2. DIRECTORY"* This command calls the DEC system utility PIP (10) to obtain a list of files on one or more user specified accounts.
DATAENTRY*
Voice entry of sequence data, using the SYS300 voice recognition system (VRS) , is more accurate than keyboard entry and is faster than entry through a digitizing tablet (2).
The SYS300 voice recognition system is compatible with almost any terminal and the PDP-11. The programs in the submenu DATAENTRY send com- 
When we reach the last row of the path matrix, we can then 'backtrack 1 along the pointers in (2) to find the optimal alignment(s) (See Figure 3) .
In backtracking, we can take a "high road" (an optimal alignment with a maximum number of deletions among optimal alignments) called the upper envelope, or we can take a "low road" (an optimal alignment with a maximum number of insertions among optimal alignments) called the lower envelope.
As shown in Figure 3 , these two envelopes represent two extreme forms of an optimal alignment. When substantial similarity exists between two sequences, the upper and lower envelopes agree substantially along the two enve- A first order Markov chain model makes two assumptions. First, the conditional probability of a letter, X(n), at position n, given all letters at previous positions n-l,n-2,..., written pr(X(n)|X(n-l),X(n-2),...), only depends on the letter at position n-1:
The parameters in the first order Markov Chain are the table of conditional probabilities pr(X(n)|X(n-l)), which are referred to as the transition frequencies or transition probabilities. Secondly, the Markov Chain model assumes that the transition frequencies are homogeneous along the sequence.
Counting the frequency of overlapping pairs of letters (i.e. dinucleotides, within a nucleic acid sequence) and dividing by their total number yields estimates of the transition frequencies. The transition frequencies introduce a local one step dependency between letters in sequence.
The program MARKOV first tests the random sequence model's homogeneity and independence assumptions. If the random sequence model fails, then the program fits a first order Markov chain by the method of maximum likelihood.
The program tests the homogeneity of the chain and the one step dependency assumption. Other tests of the chain, such as those based on runs of letters, are made as well.
Sometimes there are more long range contextual constraints on a sequence due to codon preference and/or the amino acid composition of the polypeptide being coded for (30, 52, 53) . The program allows the possibility of fitting a 2nd, 3rd, or 4th order Markov chain in which the current letter X(n) depends on the previous 2, 3, or 4 letters, respectively. The range of applicability and the uses of these models will be discussed elsewhere (38) . . Three areas deserve particular attention. One major advance in the organization of a sequence data base will be the creation of a system with dynamic memory organization (26) to allow more rapid access to GENBANK. Two such systems have already implemented for a library and in modeling human memory (26) . Two, graphics (55) should be an integral part of any analysis, and the user should be able to invoke graphics primitives (35, 51, 23, 21) without fear of disrupting an ongoing analysis. The graphics should be directly modifiable. Three, much effort has been placed in the development of good statistical packages (6, 39, 56) , and this effort should be capitalized on in the development of statistical packages for modeling sequence data.
